The design of power electronics converters is still an ad-hoc process. Usually, this process is accomplished virtually using existing simulation packages before the real implementation. Despite, the use of these packages, the process is proved to be time consuming and bulky task. This paper describes an expert system approach to ease this cumbersome process hy automating the design procedure. The present approach combines expert system techniques with object-oriented paradigm. The designer has firstly to choose the appropriate application of the converter. Then the system suggests the most appropriate (according to the user's specifications) topology that is formed in a schematic tile accepted by the Pspice simulation package. The topology is displayed within the Schematic environment containing all the circuit parameters and components including the best (optimum) switching devices and control circuits, here the simulation is launched automatically in order to investigate the outputs. The topologies constitute the knowledge base of the system represented as objects. The switching devices are stored in database module accessed by the inference engine to select the optimum switch for a certain topology. This approach could be a kernel of a power electronics converters design aid tool, whereby the complexity of the design process can be reduced dramatically.
I. INTRODUCTION
any simulation packages are being widely used to design These simulators require the user to he proficient in designing the circuits and need considerable training to be familiar with. Moreover, the design is based on trial and error, till the user reaches the required outputs. Indeed. these packages have facilitated the task of the design engineer by providing a virtual way to check the reliability of the circuit without the need of its hardware realization. However, an approach to overcome the drawbacks of these packages and augment their functionality is to introduce and combine expert system M and simulate electrical and electronic circuits' behavior.
This work was suppaned by Malaysian government under lRPA Project
Number 04-02-04-0022 8 . Omrane, N. Mariun . This tool is a knowledge-based system developed using object-oriented programming paradigm. The drawback of the tool is the need of many packages to be developed and to be operated such as HUMBLES expert system shell, HSPICE. semiconductor library and the SmalItalk-8Om system. Reference 121 proposed an automatic design process for UPS as an attempt to develop an expert system tool for computer-aided design of static converters. It is interfaced with SUCCESS simulation software and was developed using SMECI expert system shell. In [3] an expert system for designing, analyzing and optimizing power converters was proposed. Fuzzy logic was introduced to select the optimum topology; Pspice was used as a simulator and the MATSPICE tool as an optimizer. Reference [4] introduced a computer algorithm for synthesis of switching power converters (dc to dc converters). Although, this algorithm is not based on expert system techniques, it can be considered as an advanced stage in automating the design process of power electronics converters. Some other relevant works can be found in [ 5 ] , [61 and [71. In the present work, a different approach is presented.
Though, the tool is interfaced with Pspice simulator, it introduces in attractive manner an interaction with the user starting from the selection of a specific application or a type of conversion till coming out with the optimum topology with all parameter values and switches suggested. The topologies are stored in the knowledge base as schematic files, allowing the Schematic to be able to display the resulted circuit. The architecture of the system, the knowledge base representation and the inference engine are described in this paper.
SYSTEM ARCHITECTLIRE
The proposed system constitutes of many modules interacting with each other as shown in Fig. 1. 
A. Interaction Module
As the user interface is a fundamental segment in any expert system-based tool [SI, an attractive and flexible graphical user interface (GUI) was built benefiting from the facilities offered by Visual Basic programming language. This GUI consists of menu functions, toolbar buttons, and other features as it can be seen in Fig essential part within the graphical user interface. It assures the communication process between the designer and the system's inference engine. Constitute of simple controls, such as Combo boxes and message boxes, the interaction module leads the designer along smooth way to insert his specifications and requirements. These requirements have to be matched against the system's knowledge base. The inference engine module accomplishes the matching operation. 
B. inference Engine Module
In rule-based systems, the inference engine is totally separated form the knowledge base [9]. However, for an object oriented-based system the inference engine is not completely separated from the knowledge base, as the latter is represented as objects having various methods and properties. These methods and properties constitute the kernel of the inference engine. Fig. 2 . represents block diagram describing the inference engine process flow.
After the user selects the application of the circuit or the type of conversion, a matching process is launched to come out with the topology that meets the requirements. Based on these requirements, the circuit parameters such as the input andlor output filter elements have to be calculated. Meanwhile, optimal switches are to be selected from switching devices database. The choice of certain switches is based on their ratings as well as on their prices. If many switches satisfy the requirements, the cheapest ones will be chosen. At the end of the process the user is given all these switches (that satisfy the requirements), where he could change the optimal switches. The results of this process are sent to the interfacing module, which constructs the final circuit and displays it within schematics environment of the Pspice simulation package. The second part that makes up the knowledge base is the converter topologies. Fig. 4 , shows the representation of this knowledge, using object-oriented paradigm. The inference engine invokes the class methods and properties whenever needed to infer conclusions or assert facts. For clarity and simplicity purpose this knowledge was divided into two types.
Modular knowledge, which consists of most common topologies, based on their types (DCiDC, DC/AC, DUAC and ACIAC converters). Each type contains the ordinary circuits (such as buck converter under D C D C type). Each type represents one object (class module), whereas a subclass designates the ordinary circuit. The subclass can inherit the properties and methods of the parent class. In addition it can convey its own properties and methods. This knowledge is accessible by the inference engine from the "Type of Convener Selection" section as shown in Fig. 2 . The heuristics topology is the second type of the knowledge. Although this knowledge can be encompassed under one type of the four types of conversion, it is more convenient to be separated because it has no regularity (methods and properties) as the standard ones. Most of this knowledge has been collected from several articles and papers. This segment of knowledge is organized and represented within the whole module based on the application of the circuit, whereby it is accessible by the inference engine from the "Application Selection" section. Each topology represents an independent object (class module) with its own properties and methods. The interaction between several objects (classes) is accomplished by the message passing technique [ 101 as shown in Fig. 4 . General information about the circuit topologies and In fact, the first point is inclusive in the interaction module. From the communication process, the user can know how certain results have been reached. T o accomplish the second point a help module was developed. Two sub-modules make up this help module. Each of which contains two types of information; information or guidelines for the user how to use the tool, and basic information about the knowledge base components (converter topologies and switching devices). This information is accessible from the general menu. Relevant information was gathered and collected from various books and articles and then coded into this module combining both html and visual basic programming language. If this module is to be expanded, it can be considered as a learning aid system for power electronics converters. Fig. 5 , shows a segment of this module.
This module is designed to guide and help the user lo find How the results have been achieved switching devices. 
CONCLUSION
The present work represents a framework of an expert system-based tool to automate the design procedure of power electronics converters. The proposed system architecture assures a flexible interaction between the user and the tool as well as among the various modules constituting the system itself. The knowledge base containing topologies and switching devices is represented using object-oriented paradigm. It is the function of the inference engine to find the suitable topology that matches the user entries. Benefiting from the object oriented programming and the design visibility features of Visual Basic programming language; an attractive user interface is developed to assure the interaction of the user with the system. Furthermore, a library module enhanced by several vital functions is developed. This library makes the developed tool independent of that of the simulation package. A help module that explains how to use the developed tool and gathers information about power electronics converters is built and linked to the tool. The proposed system could be enhanced and ameliorated by expanding both parts of its knowledge base and introducing more criteria in selecting the most suitable topology with the optimum parameters. 
